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O R i g i n a l R e s e a R C h
open access to scientific and medical research 5 reported a metaanalysis which showed statins were associated with a 9% increased risk of diabetes in 91,140 patients from 13 trials.
Based on the evidence from randomized controlled trials, [6] [7] [8] [9] systematic reviews, 4, 5 and a few observational studies, 10, 11 the United States Food and Drug Administration mandated labeling changes for all statins in February 2012. Labels now include information concerning diabetogenic effects, including inducing diabetes and increases in hemoglobin A 1c or fasting glucose level. In November 2012, the China Food and Drug Administration warned that statins users may have an increased risk of raised blood sugar levels and the development of type 2 diabetes mellitus (T2DM). Although it is based mainly on evidence from clinical trials and meta-analyses, there are limited data regarding the long-term effects of these associations in mainland People's Republic of China. Besides, several reports suggested that Chinese are more sensitive to statins at a certain dose. [12] [13] [14] The guidelines on treatment and health care system are different from other countries, even Taiwan, in mainland People's Republic of China. 15, 16 On the other hand, hypertensive patients are at increased risk of developing diabetes mellitus. 17, 18 And both hypertension and diabetes are the major causes of CVD. 19, 20 Evidence, expert consensus, and guidelines supported that statins should be prescribed in hypertensive patients for primary prevention. [21] [22] [23] However, few studies have examined whether statin use was associated with an increased incidence of T2DM in hypertensive patients. Accordingly, the objective of this study was to assess the association between statin use and NOD among patients with hypertension in mainland china.
Patients and methods study design
We performed a population-based retrospective cohort study among patients aged 30-90 years old with hypertension in Yinzhou district, Ningbo city, People's Republic of China. Hypertension was defined based on the diagnosis records of outpatients or inpatients (10th revision of the International Classification of Diseases [ICD-10]: I10). Patients who did not receive statins at any time during the study were attributed to the nonusers group. Statin use was defined as statin therapy for at least 90 days during the study period (January 1, 2011, to August 31, 2016) , and the date of first statin prescription was termed the index date. To avoid immortal time bias, the index date for nonusers was assigned according to the distribution of users' index date. 24 We defined our diabetes endpoint as the first diagnosis of T2DM (ICD-10: E11) or a prescription for insulin or an oral antidiabetic medication as based on the data in the outpatients or inpatients records. The primary endpoint of the study was defined as the diabetes endpoint after 180 days of statin treatment during the follow-up period. We assumed that NOD within the 180 days after statin use could not be attributed to treatment. Thus, patients who had a diagnosis of diabetes within the first 180 days were censored in our time-to-event analysis. A sensitivity analysis was conducted in which all NOD cases after initiation of statin therapy are evaluated. In order to better identify the new statins users and NOD, patients were excluded from the study if they were diagnosed as having T2DM or prescribed statins before the index date.
Our study setup a look-back period (1 year preceding their index date) to define some important confounders, namely lifestyle, comorbidities, and antihypertensive drug use.
Data resources
Yinzhou is the largest district in Ningbo, an eastern coastal city of People's Republic of China, with a population of nearly 1.2 million residents. In 2005, Yinzhou Health and Family Planning Commission intended to imitate the primary care model seen in UK. They setup 287 village-or community-based health service stations. Each station has more than 2 doctors who are responsible for the primary care and chronic diseases follow-up such as hypertension, diabetes, CVD, and cancers. In the meantime, they initiated a Health Information System, which collects the health care information of the residents. By 2010, this system covered all the hospitals (3 general hospitals, 24 community health centers, and 287 community health service stations) in Yinzhou. Moreover, it integrated hospital data, public health data, and community health data which were stored in the administrative health care database and included outpatient and inpatient records, prescribing information, as well as demographic characteristics. The outpatient and inpatient 
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statins use and risk of new-onset diabetes in hypertensive patients records comprised patient ID, date of diagnosis, diagnosis name, and diagnosis code (ICD-10). Prescribing information consisted of product name, brand, generic names, dosage, and prescription date. The lifestyle characteristics were recorded using a standard questionnaire by trained staff. Before obtaining the data set, all the data from patients was anonymized and no personal details were shared with health researchers for privacy protection. This database has been used and described in a previous study. [25] [26] [27] This study was approved by the Peking University Health Science Center Ethics Committee.
statistical analysis
In baseline analysis, age and BMI are presented as mean (standard deviation) and median (interquartile range). Differences in age and BMI were analyzed by using the Student's t-test. Other variables are set as categorical or discrete, which were expressed as counts and percentages and evaluated by χ 2 or Fisher's exact test between the groups as appropriate.
In the primary analysis, Cox proportional hazard regression model was used to estimate the relation between statin use and risk of NOD. We developed a multivariable model to adjust the potential confounders, including age, sex, body mass index (BMI), comorbidities (dyslipidemia, myocardial infarction, coronary artery disease, cerebrovascular accidents, heart failure, and angina pectoris), lifestyle characteristics (drinking, smoking, physical activity), and baseline antihypertensive drug use (β-blockers, diuretics, angiotensinconverting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers).
Additionally, propensity score matching (PSM) approach was applied to balance the systematic difference between 2 groups as secondary analyses by using R package "MatchIt." First, a propensity score, representing the probability of being in the statin-user or non-statin user group, was calculated for each patient via a logistic regression model. Variables were selected for inclusion in the model if they were associated with both the exposure and the outcome, or associated with the outcome. Age, sex, BMI, comorbidities, lifestyles, and baseline antihypertensive drug use were finally included. Second, statin users were then 1:1 matched to nonusers according to propensity scores with the nearest neighbor matching method within 0.2 caliper width. Third, Cox model was applied again and those factors remaining imbalanced after matching would be included in the model (eg, age).
To assess the possible effect modification of variables related to both the exposure and the outcome, we carried out subgroup analyses by stratifying the study cohort according to sex (female or male), age groups (#49, 50-59, 60-69, and $70), . The HRs were estimated from Cox models, adjusted for age, sex, BMI, comorbidities, lifestyle, and baseline antihypertensive drug use. Age was excluded in models within age subgroups. Similarly, corresponding variables were individually excluded in models within corresponding subgroups. All tests were 2 sided, and an α level of 0.05 was considered statistically significant. All time-to-event analyses were performed with SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Overall, our study identified 95,327 patients who were aged 30-90 and diagnosed as hypertension in 2010 by using the Yinzhou database (Figure 1) . A total of 67,993 patients were finally enrolled after restricting the analysis to patients without missing data, newly exposed to statins, and without history of diabetes (21,551 statin users and 46,442 nonusers). Table 1 describes the baseline characteristics of statin users and nonusers before and after PSM. In the original cohort, the statins users group and nonusers group had a significant difference in all the baseline characteristics. After PSM, baseline characteristics of two matched groups (19,819 statin users and 19,819 nonusers) were balanced, except that the nonusers group was a bit older. The mean age of nonusers group was 61.93 years, significantly older than statin group (61.40 years). Figure 2 shows the histograms of the density of propensity scores for original cohort and matched cohort. During the follow-up period 4,172 (6.14%) patients developed NOD in the total cohort. According to our definition of outcome, there were 3,421 events including 1,884 events in statin group and 1,537 events among nonusers. Patients who developed NOD were older, were more overweight, and were more likely to have dyslipidemia (Table 2) . Table 3 shows the results of primary analysis for 2 different definitions of endpoints. For NOD after 180 days of statin initiation, the crude incidence of NOD per 1,000 person-years by statin exposure status was 25 1.44-1.66). After matching for propensity score and adjusting for imbalanced age, statin users showed a 54% increase in the risk for NOD with an adjusted HR of 1.54 (95% CI: 1.41-1.67). For all NOD after statin initiation, the crude incidence of NOD in both groups was found to be higher (16.69 for statin group, 32.68 for nonusers group). The crude NOD HR was 1.96 (95% CI: 1.84-2.08), and the adjusted NOD HR was 1.75 (95% CI: 1.64-1.87). In the matched cohort, the adjusted NOD HR was 1.65 (95% CI: 1.53-1.78).
As can be seen from Figure 3 , the cumulative incidence of NOD was higher among new users of statins compared with non-statin users during the follow-up period.
We found consistent results in subgroup analysis assessing the association between statins use and increase incident of NOD (Table 4) . Sex-specific analysis showed that the adjusted NOD HR was 1.58 (95% CI: 1.42-1.77) among male patients, which was similar to that among female patients (adjusted HR: 1.52, 95% CI: 1.38-1.67). In addition, age-specific HRs decreased in older people, even though the association in each stratum was statistically significant after adjustment for confounding factors. We observed 
Discussion
In this population-based retrospective cohort study, we found that statin therapy was associated with an increased risk of 30 However, the risk seems even higher in two Korean studies (HR: 1.84, 95% CI: 1.63-2.09; HR: 1.99, 95% CI: 1.36-2.92). 31, 32 Compared to the results of these observational studies, we observed a moderately increased risk of NOD in statin users. On the other hand, the incidence of NOD was higher in our study than that in previous studies. One potential reason for this higher incidence could be that our study subjects were patients with hypertension who were at higher risk for incident diabetes than the general population. 28, 30 Since this was an observational study, the way we defined the cohort may induce bias. When researchers attempt to use a simple cohort approach to emulate the randomized controlled trial design, a form of bias called immortal time bias may be produced. 33 Immortal time bias has been previously described, and several solutions have been proposed to prevent such bias including prescription time-distribution matching and time-dependent analysis. 24 In our study, we used prescription time-distribution matching method, which means the overall distribution of index date of the nonusers is matched to the users' index date (date of first statin prescription). 33 The advantage of this design method is that it avoids the imbalance of the index date distribution between the 2 groups without apparent loss of study efficiency. With the balanced index date between 2 groups, we could better define the lookback period to identify the comorbidities and concomitant medicine intake.
We also conducted the subgroup analysis by sex, age, BMI, statin types, and statin potency. In multivariate Cox model, statin use was associated with increased risk of NOD in males (adjusted HR: 1.58, 95% CI: 1.42-1.77) and females (adjusted HR: 1.52, 95% CI: 1.38-1.67). A previous study suggested that incident NOD associated with statin use may be more common in women. 10 We observed consistently increased risk of NOD by statin use across subgroups by age. This association was decreased but remained significant in older patients. As far as we know, there were 2 reports that demonstrated results similar to our finding. 28, 30 Macedo et al 30 found that incidence rates of T2DM increased with age in nonusers, whereas in statin users incidence rates remained high. One of the potential mechanisms is that younger people at high risk of developing diabetes are accurately targeted for statin treatment, which would moderate the expected age gradient. Besides, our finding showed that patients with a BMI lower than 24 were at greater risk (adjusted HR: 1.65, 95% CI: 1.50-1.83) for NOD than those with BMI of 28 or higher (adjusted HR: 1.44, 95% CI: 1.17-1.77), even though a significant association was observed in all strata. Similar results had been reported by a study done in postmenopausal women. 10 These findings have not been well explained. A further study to verify the weight effect on statin-related NOD is warranted. However, these finding suggested that we should pay more attention to the prescription of statins to younger patients with normal BMI. Many studies have investigated the impact of specific statins on the incidence of NOD and have suggested that atorvastatin and simvastatin are more prone to be associated with increased risk of NOD. 10, 31, 32 Our findings seemed to be consistent with these findings. The results of the multivariate Cox models demonstrated that atorvastatin users and simvastatin users had the highest risk of NOD. Due to the fact that only a few patients were treated with fluvastatin and rosuvastatin, the 95% CI of HR for these two subgroups were wider. The multivariate adjusted HRs were 1.44 (95% CI: 0.83-2.48) and 1.47 (95% CI: 1.19-1.83), respectively. Some studies have reported that statin-related NOD risk is likely potency dependent. 34, 35 We found that risk for NOD increased with increasing intensity of statins in our study. Compared to nonusers, the adjusted HRs were 1.44 (95% CI: 1.29-1.61), 1.65 (95% CI: 1.53-1.79), and 1.80 (95% CI: 0.86-2.82) for low-, moderate-, and high-potency statin users, respectively.
Limitations and strengths
Our results should be interpreted cautiously because of some limitations. First, we identified the patients with hypertension, diabetes mellitus, or other comorbidities by using the inpatient and outpatient diagnosis on ICD-10 codes. Our T2DM outcome definition, consisting of a diagnosis of T2DM or a prescription for a diabetes medication in outpatient and inpatient records, was probably unable to capture the actual diabetic patients. However, most of the observational studies based on the existing database suffered the same problems. 34, 36 Second, there were some confounding factors that we could not control. The information about the levels of dyslipidemia and hypertension was lacking, which were potentially important risk factors for the initiation of T2DM. 17, 18, 37 Besides, dietary patterns are 38 and data regarding this were not collected in the Yinzhou database. This might be the reason that we found relatively high HRs in our study. Third, we could only identify if the doctors prescribed drugs for the patients from the database; we have no idea whether the patients actually took the medications.
Our study also had some strengths. First, our study was the first to investigate the risk of statins in hypertensive population of Chinese mainland by using a well-developed health care database which reflects the physician behavior in a real-life setting. Second, we conducted a new users and new-onset T2DM design by excluding the patients who had took statins or had already been being diagnosed as having T2DM. Third, we use prescription time-distribution 
Conclusion
Our findings indicated that statin therapy was associated with an increased risk for incident NOD compared to nonusers of statins among hypertensive patients. Regardless of patients' characteristics, statin types, or dosage, the association remained. The risk seems to be smaller among old and overweight patients who are at higher risk for CVD. These data provide better evidence about the association between statins and NOD in a real-world context in mainland People's Republic of China. As the benefits of statins overwhelm the risk, especially for patients who are in a higher risk for CVD or with existing CVD, clinicians should followed the guideline to consider the statin therapy. As for those younger than 50 years old, the tradeoff between statin's benefits and adverse effects should be well discussed. These findings should be interpreted cautiously as observational studies are subject to bias and residual confounding that cannot be ruled out.
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